This section provides details of the potential models used in the molecular dynamics simulation. The CO 2 molecule consists of three sites, one carbon (ct) and two oxygens (o'). The cristobalite was employed to construct nanochannel with the hydroxylated surface. There are four atom types in silica: atom Si (sz) and O (oz) of SiO 2 , atom H (ho) and O (oh) of hydroxyl. The nanochannel was set to rigid and was fixed in all simulations. Angle was modeled by a harmonic potential of the form:
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Bond was modeled by a harmonic potential of the form:
The intermolecular potential is the sum of a Lennard-Jones (L-J) term and a Coulomb term:
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The following Tables present the intra-and inter-molecular potential parameters used in the simulations. 
Adsorption of scCO 2
To understand the adsorption of CO 2 in nanochannel under 373.15k and 35MPa, the density profiles and isothermal adsorption curve were calculated with equilibrium dynamics simulation (EMD). Two procedures were carried out. Firstly, CO 2 molecules with the density matched with the given temperature and pressure were placed in nanochannel. The pressure of bulk phase was examined and set to the final pressure of the whole system after 2ns EMD simulation. Then, the total adsorption and excess adsorption was caculated. The results were plotted in Figure S1 . Figure S1b , the second adsorbed layer appeared gradually with the raise of pressure in the nanochannel of 14.5 Å. The phenomenon was also observed in wider nanochannels. Figure S1c , S1d, S1e and S1f describe the density distributions of CO 2 molecules within nanochannels larger than 14.5 Å. The results show that the second adsorbed layer appears preliminary at 15 MPa and enhances gradually with the increase of pressure. Figure S1g and Figure S1h present the total adsorption and the excess adsorption of CO 2 , respectively. It is observed that CO 2 molecules reach the saturated adsorption inside the nanochannels at 373.15 K and 35 MPa. This underlies the further study of CO 2 transport through nanochannels.
Fitting parameters of velocity profiles
The velocity profiles were obtained by fitting data using the quadratic function:
where a, b, and c are the fitting parameters describing the flow process, a characterizes the curvature. The lager the absolute value of a is, the steeper the curve and the greater the velocity gradient. c represents the maximum velocity. The value of fitting parameters influenced by pressure gradient were shown in Table S4 , and the value of fitting parameters influenced by nanochannel width were shown in Table S5 . 
